Earth Expeditions: Global Warming has been designed to provide students with an interactive
multimedia environment where they can learn about the causes and possible effects of the rise in
concentrations of carbon dioxide in the atmosphere for more than a century. How will Earth’s
environment be affected if this rise continues over the next century? The multimedia package
provides background information about radiation from the Sun and Earth, the Earth’s energy
balance, and the greenhouse effect; it gives an overview of the relationship between human
activities and carbon dioxide concentrations, and the relationship between carbon dioxide
concentrations and global temperature; it allows students to formulate a hypothesis regarding
future levels of atmospheric carbon dioxide concentration and to test their hypotheses through the
use of a computer climate model; and it asks students to explore the possible consequences of
predicted temperature increases.

The materials have been laid out in a linear format, so that students may easily navigate from
beginning to end, completing each section in order of concept development. However, due to
time constraints, some teachers may wish to use only a part of the materials available here, and
for this reason the topics covered have been laid out in an easy-to-read chart. At a glance, this
chart provides the information necessary to choose the portion of the materials appropriate for a
group of students. Sections that form individual conceptual units have been highlighted in the
same color. When choosing a section to complete with students, it will be helpful to take a look
at the key terms used in that and previous sections in order to prepare students with appropriate
background knowledge necessary to complete the chosen section.

Most sections in Earth Expeditions: Global Warming consist of a set of instructions, an explicit
learning objective, a multimedia component, multimedia practice exercises, a set of short answer
questions (with answer keys), a list of key terms and concepts, a written summary of the material
contained in the section, and an estimate of the time required for the activity. The Regional
Climates and Habitats, Formulating a Hypothesis, Using a Climate Model for Data
Interpretation and Possible Consequences of Temperature Increase sections do not follow this
format, but rather ask students to choose a region of the world and formulate a hypothesis about
global warming in that region, use a computer to interpret data and validate or reject hypothesis,
and explore the possible consequences of predicted climate change.

The Earth Expeditions: Global Warming materials are aligned with the National Science
Education Standards as outlined below:

Science as Inquiry, Grades 5-8
Content Standard A
GUIDE TO THE CONTENT STANDARD

Fundamental abilities and concepts that underlie this standard include
ABILITIES NECESSARY TO DO SCIENTIFIC INQUIRY

IDENTIFY QUESTIONS THAT CAN BE ANSWERED THROUGH SCIENTIFIC
INVESTIGATIONS. Students should develop the ability to refine and refocus broad and ill-
defined questions. An important aspect of this ability consists of students' ability to clarify
questions and inquiries and direct them toward objects and phenomena that can be described,
explained, or predicted by scientific investigations. Students should develop the ability to identify
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their questions with scientific ideas, concepts, and quantitative relationships that guide
investigation.

DESIGN AND CONDUCT A SCIENTIFIC INVESTIGATION. Students should develop
general abilities, such as systematic observation, making accurate measurements, and identifying
and controlling variables. They should also develop the ability to clarify their ideas that are
influencing and guiding the inquiry, and to understand how those ideas compare with current
scientific knowledge. Students can learn to formulate questions, design investigations, execute
investigations, interpret data, use evidence to generate explanations, propose alternative
explanations, and critique explanations and procedures.

USE APPROPRIATE TOOLS AND TECHNIQUES TO GATHER, ANALYZE, AND
INTERPRET DATA. The use of tools and techniques, including mathematics, will be guided by
the question asked and the investigations students design. The use of computers for the collection,
summary, and display of evidence is part of this standard. Students should be able to access,
gather, store, retrieve, and organize data, using hardware and software designed for these
purposes.

DEVELOP DESCRIPTIONS, EXPLANATIONS, PREDICTIONS, AND MODELS USING
EVIDENCE. Students should base their explanation on what they observed, and as they develop
cognitive skills, they should be able to differentiate explanation from description--providing
causes for effects and establishing relationships based on evidence and logical argument. This
standard requires a subject matter knowledge base so the students can effectively conduct
investigations, because developing explanations establishes connections between the content of
science and the contexts within which students develop new knowledge.

THINK CRITICALLY AND LOGICALLY TO MAKE THE RELATIONSHIPS
BETWEEN EVIDENCE AND EXPLANATIONS. Thinking critically about evidence includes
deciding what evidence should be used and accounting for anomalous data. Specifically, students
should be able to review data from a simple experiment, summarize the data, and form a logical
argument about the cause-and-effect relationships in the experiment. Students should begin to
state some explanations in terms of the relationship between two or more variables.

RECOGNIZE AND ANALYZE ALTERNATIVE EXPLANATIONS AND

PREDICTIONS. Students should develop the ability to listen to and respect the explanations
proposed by other students. They should remain open to and acknowledge different ideas and
explanations, be able to accept the skepticism of others, and consider alternative explanations.

COMMUNICATE SCIENTIFIC PROCEDURES AND EXPLANATIONS. With practice,
students should become competent at communicating experimental methods, following
instructions, describing observations, summarizing the results of other groups, and telling other
students about investigations and explanations.

USE MATHEMATICS IN ALL ASPECTS OF SCIENTIFIC INQUIRY. Mathematics is
essential to asking and answering questions about the natural world. Mathematics can be used to
ask questions; to gather, organize, and present data; and to structure convincing explanations.

UNDERSTANDINGS ABOUT SCIENTIFIC INQUIRY



* Different kinds of questions suggest different kinds of scientific investigations. Some
investigations involve observing and describing objects, organisms, or events; some involve
collecting specimens; some involve experiments; some involve seeking more information;
some involve discovery of new objects and phenomena; and some involve making models.

*  Current scientific knowledge and understanding guide scientific investigations. Different
scientific domains employ different methods, core theories, and standards to advance
scientific knowledge and understanding.

* Mathematics is important in all aspects of scientific inquiry.

* Technology used to gather data enhances accuracy and allows scientists to analyze and
quantify results of investigations.

* Scientific explanations emphasize evidence, have logically consistent arguments, and use
scientific principles, models, and theories. The scientific community accepts and uses such
explanations until displaced by better scientific ones. When such displacement occurs,
science advances.

* Science advances through legitimate skepticism. Asking questions and querying other
scientists' explanations is part of scientific inquiry. Scientists evaluate the explanations
proposed by other scientists by examining evidence, comparing evidence, identifying faulty
reasoning, pointing out statements that go beyond the evidence, and suggesting alternative
explanations for the same observations.

* Scientific investigations sometimes result in new ideas and phenomena for study, generate
new methods or procedures for an investigation, or develop new technologies to improve the
collection of data. All of these results can lead to new investigations.

Physical Science, Grades 5-8

Content Standard B

PROPERTIES AND CHANGES OF PROPERTIES IN MATTER

* Substances react chemically in characteristic ways with other substances to form new
substances (compounds) with different characteristic properties.

TRANSFER OF ENERGY

* Energy is a property of many substances and is associated with heat, light, electricity,
mechanical motion, sound, nuclei, and the nature of a chemical. Energy is transferred in
many ways.

* Heat moves in predictable ways, flowing from warmer objects to cooler ones, until both reach
the same temperature.

* Light interacts with matter by transmission (including refraction), absorption, or scattering
(including reflection). To see an object, light from that object--emitted by or scattered from
it--must enter the eye.

* In most chemical and nuclear reactions, energy is transferred into or out of a system. Heat,
light, mechanical motion, or electricity might all be involved in such transfers.

* The sun is a major source of energy for changes on the earth's surface. The sun loses energy
by emitting light. A tiny fraction of that light reaches the earth, transferring energy from the
sun to the earth. The sun's energy arrives as light with a range of wavelengths, consisting of
visible light, infrared, and ultraviolet radiation.

Earth and Space Science, Grades 5-8
Content Standard D
STRUCTURE OF THE EARTH SYSTEM



* The atmosphere is a mixture of nitrogen, oxygen, and trace gases that include water vapor.
The atmosphere has different properties at different elevations.

* Clouds, formed by the condensation of water vapor, affect weather and climate.

* Global patterns of atmospheric movement influence local weather. Oceans have a major
effect on climate, because water in the oceans holds a large amount of heat.

EARTH’S HISTORY

* The earth processes we see today, including erosion, movement of lithospheric plates, and
changes in atmospheric composition, are similar to those that occurred in the past. Earth
history is also influenced by occasional catastrophes, such as the impact of an asteroid or
comet.

EARTH IN THE SOLAR SYSTEM

* The sun is the major source of energy for phenomena on the earth's surface, such as growth of
plants, winds, ocean currents, and the water cycle. Seasons result from variations in the
amount of the sun's energy hitting the surface, due to the tilt of the earth's rotation on its axis
and the length of the day.

Content Standard F

POPULATIONS, RESOURCES, AND ENVIRONMENTS

*  When an area becomes overpopulated, the environment will become degraded due to the
increased use of resources.

* Causes of environmental degradation and resource depletion vary from region to region and
from country to country.

NATURAL HAZARDS

* Internal and external processes of the earth system cause natural hazards, events that change
or destroy human and wildlife habitats, damage property, and harm or kill humans. Natural
hazards include earthquakes, landslides, wildfires, volcanic eruptions, floods, storms, and
even possible impacts of asteroids.

* Human activities also can induce hazards through resource acquisition, urban growth, land-
use decisions, and waste disposal. Such activities can accelerate many natural changes.

* Natural hazards can present personal and societal challenges because misidentifying the
change or incorrectly estimating the rate and scale of change may result in either too little
attention and significant human costs or too much cost for unneeded preventive measures.

SCIENCE AND TECHNOLOGY IN SOCIETY

* Science influences society through its knowledge and world view. Scientific knowledge and
the procedures used by scientists influence the way many individuals in society think about
themselves, others, and the environment.

Content Standard G

NATURE OF SCIENCE

* Scientists formulate and test their explanations of nature using observation, experiments, and
theoretical and mathematical models. Although all scientific ideas are tentative and subject to
change and improvement in principle, for most major ideas in science, there is much
experimental and observational confirmation. Those ideas are not likely to change greatly in



the future. Scientists do and have changed their ideas about nature when they encounter new
experimental evidence that does not match their existing explanations.

In areas where active research is being pursued and in which there is not a great deal of
experimental or observational evidence and understanding, it is normal for scientists to differ
with one another about the interpretation of the evidence or theory being considered.
Different scientists might publish conflicting experimental results or might draw different
conclusions from the same data. Ideally, scientists acknowledge such conflict and work
towards finding evidence that will resolve their disagreement.

It is part of scientific inquiry to evaluate the results of scientific investigations, experiments,
observations, theoretical models, and the explanations proposed by other scientists.
Evaluation includes reviewing the experimental procedures, examining the evidence,
identifying faulty reasoning, pointing out statements that go beyond the evidence, and
suggesting alternative explanations for the same observations. Although scientists may
disagree about explanations of phenomena, about interpretations of data, or about the value of
rival theories, they do agree that questioning, response to criticism, and open communication
are integral to the process of science. As scientific knowledge evolves, major disagreements
are eventually resolved through such interactions between scientists.



